and Harvard Medical School Cognitive-behavioral and biobehavioral skills are the cornerstones of an effective pediatric psychology pain management plan, and routine practice of these skills is essential for mastery. Integrating engaging technology into clinical care has the potential to enhance outcomes by fostering practice and by making the home-based acquisition of empirically supported skills an easy and accessible process. The present study systematically reviewed 57 Apple applications ("apps") targeting pediatric chronic pain and pain-related difficulties. Each app was independently rated in 4 different categories. The reading level of each app was then systematically assessed via software to determine the grade-level at which a child could be expected to understand instructions and applicability of the app. Apps were also coded into categories based on main function or utility. Nineteen apps were recommended based on a composite rating of "very good" or "excellent" in this systematic review. Although the majority of the apps in this review were developed by lay-professionals, target adult populations, and have not been subject to clinical research, a significant number of these apps appear to be well designed for adjunctive reinforcement of pediatric pain management skills. This study highlights 19 apps that may be clinically useful in pediatric chronic pain populations, but also notes the need for further research and the importance of exercising caution when using apps with pediatric patients. Additionally, this review found that many apps included a complex level of written content. Thus, providers may need to provide developmentally targeted instruction to pediatric patients to ensure comprehension.
motivate children and adolescents to practice the targeted skills that reinforce good coping and pain management outside of the therapy session. Using currently available technology, such as Apple applications ("apps"), has the potential to enhance treatment outcomes by making skills-based practice an easily accessible, engaging, and rewarding experience.
Over the last 10 years there has been an increasing focus on technology-based or technology-supported interventions in pediatrics. Specifically, research has demonstrated improved outcomes in children with chronic pain Stinson et al., 2006; Connelly & Bickel, 2011) and in the management of chronic illnesses such as diabetes, cancer, and asthma (Cafazzo et al., 2012; Mulvaney et al., 2012; Stinson et al., 2013; Jan et al., 2007) .
Some of the most studied technology-based interventions for children are those that address pain management (Connelly & Bickel, 2011; Palermo et al., 2009; Stinson et al., 2006) , and these interventions appear to be acceptable, easy to use, and yield moderate effects for reduced pain. For example, Palermo and colleagues (2009) created an Internet based, selfadministered cognitive-behavioral therapy intervention for adolescents with chronic pain and their parents. Results demonstrated that this interface was both engaging and effective ). Stinson and colleagues (2013) created an engaging smartphone app for tracking cancer-related pain. The app, called "Pain Squad," is targeted for pediatric populations and includes a built-in rewards system to reinforce usage (Stinson et al., 2013) . Results suggest that users found the app to be appealing and had a high compliance with recommended usage (Stinson et al., 2013) . These examples highlight that technology can be successfully integrated into pediatric clinical practice. The use of technology may facilitate engagement, improved self-management of symptoms, and improved compliance with prescribed practice of skills. However, creating apps or computerbased programing is very costly as well as a time-and labor-intensive process.
This study investigates existing technologies that may have the potential to be integrated into the ongoing clinical care of children with chronic pain. We chose to limit the scope of this review to Apple apps given the ubiquitous nature of Apple products and the corresponding market share of app technology that currently exists.
1 An economic survey in 2012 determined that the Apple iPhone was by far the most widely used smartphone platform in the United States (Gralnick, 2012) . Additionally, this survey found that more than 50% of American households owned an average of three Apple products that supported the use of Apple apps (Gralnick, 2012) . Research finds that parents are increasingly supportive of their child or adolescent using app technology via a parentowned device, with about 60% of parents reporting that they have downloaded an app on their smartphone or tablet specifically for use by their child (Lenhart, 2012) . Perhaps not surprisingly, approximately 30% of the apps on a parent's smartphone or tablet are actually downloaded by their child (Lepi, 2013) .
The incidence of children and adolescents owning their own devices is also rising. Twelve percent of children ages 8 to 12 and 37% of adolescents ages 12 to 18 own their own smartphone (Mangis, 2012; Madden, Lenhart, Duggan, Cortesi, & Gasser, 2013) . Additionally, an impressive 52% of adolescents own their own Apple device (iPhone, iPod Touch, iPad) that supports the use of Apple apps (Pope, 2012) . With the rapid rise of Apple devices, there has been a threefold increase in child and adolescent usage of apps over the past two years; 16% of children reported using apps in 2011 and approximately 50% reported regular usage in 2013 (Dredge, 2013; . In 2014 it is estimated that at least 60% of children will have experience using apps on a smartphone or tablet by eight years of age (Conrad, 2014) .
Despite the increasing ubiquity of smartphones and associated apps, only one study thus far has looked at the incidence of smartphone apps to facilitate the learning and reinforcement of skills commonly associated with pain management. Rosser and Eccleston (2011) looked at smartphone apps on five major smartphone app platforms, including iPhone and Android. Their search yielded 111 apps, 79% of which were available for the iPhone (Rosser & Eccleston, 2011) . They reported that the majority of apps were pain-relevant and more than half had some level of education about pain (Rosser & Eccleston, 2011) . The authors randomly selected five apps for evaluation and review and found them to offer possible clinical utility.
The aim of this study was to conduct a systematic review of currently available Apple apps that could assist with adaptive pain management skills acquisition for children and adolescents with pain. The goal was to determine whether existing apps that target pain and painrelated stress are developmentally appropriate for use by children and adolescents. Another goal was to determine whether available apps may offer an engaging and theoretically consistent way to reinforce behavioral skills acquisition within a pediatric pain-management framework. This review did not incorporate pain diaries or disease-specific apps that primarily provided medical education or symptom monitoring checklists.
Method
The search terms used for finding all apps online was "Apple apps for . . ." followed by one of these search terms: relaxation, breathing, breath pacing, diaphragmatic breathing, belly breathing, guided imagery, biofeedback, sleep, anxiety, pain, meditation, hypnosis, yoga, CBT, and cognitive-behavioral therapy. In total, this search yielded 88 apps. Of those 88 apps, we eliminated those that were $10 or more (n ϭ 1) and those that were basic games, seeming to offer no empirically supported skill or educational component (n ϭ 15). The remaining 72 apps were downloaded and tested in this review.
Downloaded apps (n ϭ 72) were reviewed and coded by three independent raters. Initial raters included one pediatric psychologist, one bachelor's level senior clinical research coordinator, and one research intern. The senior clinical research coordinator facilitates research in pediatric pain management for three attending psychologists and has been trained to help facilitate a manualized cognitive-behavioral clinical intervention in which she teaches biobehavioral pain management skills to children and adolescents. The research intern was a fourthyear undergraduate student earning a degree in Psychology who was exposed to pain management skills through her research work and clinical observations. Both nonpsychologist coders were trained by the attending psychologist in regards to the specific goals of pediatric pain management as well as the rating system designed for the use in this study. Two additional expert coders (pediatric psychologists) coded apps that had low agreement between the first three raters. Low agreement was defined by having discrepant scores by two or more points in two or more categories. Expert rater scores were averaged into the overall scores of the apps with lower agreement to enhance reliability. Coding meetings were held during which anchors for each category were reviewed and discussed. A sample of 10 apps were then rated and coding meetings were again held to further define anchors and refine the coding system.
Apps were categorized by consensus vote among raters according to their primary aim. Categories included breathing, general relaxation, pain-specific, general CBT, sleep, and yoga. Thirteen apps were eliminated at this phase of the study because they were determined by consensus to be inappropriately selected by the search terms of this review and were not relevant to the goals of this study. Two apps were eliminated because of repeated technical glitches (i.e., app unexpectedly froze, shut down, did not operate as expected). Removing those apps resulted in a final sample size of 57 apps. These apps were then rated on a Likert scale from 1 (poor) to 5 (excellent) in four different categories: (a) Included pain-management educational content; (b) Included empirically supported pain management skills; (c) Engaging; and (d) Ease of use. Each app was also scored via software that calculated the gradelevel readability of written content in the app. The final rating system for each category was as follows.
Coding System
Pain management educational content. This rating scale was developed to assess how much pain-specific educational content an app included. Pain-specific content was defined to include educational content that explained the link between the skill or strategy in the app and changes in the experience of pain. Pain-specific content was rated according the following Likert scale: 1 ϭ no specific pain-related content, 2 ϭ brief mention that the app may be useful for pain-related difficulties, 3 ϭ includes some pain-specific management information, 4 ϭ in-cludes detailed information about pain management, but is not designed as a pain-management app, 5 ϭ app is designed specifically for pain management and includes detailed educational information about pain management.
Empirically-supported pain management skills. This rating scale was designed to assess the degree to which the app included empirically supported skills for pain management or for the management of pain-related stress. Empirically supported was defined as a skill that is research proven to help with pain or painrelated stress management such as diaphragmatic breathing, progressive muscle relaxation, guided imagery, thought restructuring, and mindfulness. The execution of the skills was also considered in this rating scale. Poor execution described an app that included an empirically supported skill (i.e., guided meditation) but used a framework, explanation or methodology that was unconventional (i.e., harnessing the power of crystals). Apps were rated on the following Likert scale: 1 ϭ no empirically supported skills included, 2 ϭ includes an empirically supported skill, but had poor execution, 3 ϭ includes a empirically supported skill and was well executed, 4 ϭ includes an empirically supported skill that was well executed and explains the utility of the skill in general terms, 5 ϭ includes a well-executed empirically supported skill and explains the utility of the skill in relation to the management of pain or painrelated stress.
Engaging. This rating scale was designed to assess how well the app maintained interest and engagement. This rating was designed to be an estimate for the likelihood that a child or adolescent will maintain active engagement with the app. Within this category two indices were evaluated. Apps were considered to be highly engaging when they included features that allowed them to be personalized (i.e., choice in music, voice selection, background selection, option to set reminders, or options for tracking personal use) and included an interesting or interactive interface. The following Likert scale was used to rate engagement: 1 ϭ includes confusing or static interface and not able to be personalized, 2 ϭ includes confusing or static interface and minimal ability to personalize, 3 ϭ includes interesting interface and minimal ability to personalize, 4 ϭ includes interesting interface and a few features to personalize, 5 ϭ includes interesting interface and numerous features to personalize.
Ease of use. This rating scale was designed to assess how easy the app was to use. Apps that were rated highly on this scale had targeted directions for how to use the app and were intuitive or simple to start using immediately. Apps that were rated lower on this scale required more learning, reading, or practice to understand how to effectively use the app. The following Likert scale was use to assess ease of use: 1 ϭ Confusing directions and nonintuitive interface, 2 ϭ Clear directions but nonintuitive interface, 3 ϭ Clear directions with quickly learned interface, 4 ϭ Clear directions with intuitive interface, 5 ϭ Interface appears highly intuitive and requires minimal directions.
Grade-level readability. Within each app, text sections from the instructions, information, and education sections were typed into a readability software program. Researchers noted the average available number of words from each app and entered samples of text totaling between 125 and 150 words into the software program, Readability-Score (Readability-Score .com, 2015), which calculates mean grade-level scores for text samples using an average of the following standardized reading scales: FleschKincaid Grade Level, Gunning-Fog Score, Coleman-Liau Index, SMOG Index, and Automated Readability Index (Bogert, 1985; Coleman & Liau, 1975; Flesch, 1948; McLaughlin, 1969; Smith & Senter, 1967) . This approach, whereby an average scale mean is derived for each text sample, is the current recommended strategy for assessing readability of healthrelated content in printed and online materials (Badarudeen & Sabharwal, 2010) . Apps that had fewer than 150 words of instruction or information were not rated (n ϭ 19). Table 1 includes the grade-level reading score for each app where it was available.
Data Analysis
To assess the interrater reliability of the scales, the intraclass correlation coefficient (ICC) was calculated in a two-way mixed effect model (Cicchetti, 1994; Shrout & Fleiss, 1979) . The mean of the three raters' scores for each category was calculated. The cutoff for being considered a recommended app was an overall rating of 4 (very good) or better. The 'Overall Score' is a mean score based on independent ratings from three to five raters.
The "Grade-level Score' is indicative of the approximate grade level of the application based on a summary score of several readability assessments. Apps rated "N/A" did not have sufficient written content to ascertain a reliable grade-level index.
a Apps that are also available for Android devices.
b Apps that are also available for Blackberry devices. Apps that met or exceeded cut off scores for inclusion in the recommended apps list (see Table 2 ).
Results
The intraclass correlation coefficients of the four rated categories (ease of use, engaging, empirically supported pain management skills, and pain management educational content) was .57 .64, .81, and .84, respectively, representing fair to very good reliability (Cicchetti, 1994; Shrout & Fleiss, 1979) . Table 1 includes all of the apps in this systematic review by category, their respective averaged overall scores by the raters, grade-level readability scores, and app developers.
Of the 57 apps that underwent review, a total of 19 apps received an overall rating of 4 or better, and as a result are recommended. Table  2 includes all of the recommended apps along with annotations regarding specific features of the apps and the developer. Table 3 includes a complete list of all apps with their mean rating score in each category. Although our list of recommended apps includes apps that had strengths in more than one category, apps that were not included in the recommended list may still offer clinical utility for pediatric patients. Table 3 allows readers the opportunity to note the individual strength profile for each app and determine if it may be appropriate for a particular patient.
The assessment of the written content of each app via software that estimated a mean gradelevel score for each app could only be applied to 38 apps (67%) as the remaining apps (n ϭ 19) did not have a sufficient amount of written content for rating (minimum of 125 word passage). Of the 38 apps that were scored, seven were considered at or above a 12th grade reading level. Thirteen of the apps scored between 9.0 and 11.9 grade levels. Sixteen apps scored between 6.0 and 8.9 grade levels. Only two apps were considered at a grade level at or below 5.9, which is the recommended reading level for health care communications (Centers for Disease Control and Prevention, 1999) .
Discussion
This study offers the first comprehensive review of iPhone app technology for use in pediatric psychology practice for the management of pain and pain-related stress. With adolescents' rapidly expanding use of Apple technologies and the need to reinforce the practice of empirically supported biobehavioral, cognitivebehavioral, and complementary mindfulness or yoga skills for pain management, it is timely to consider how clinicians can maximize the benefit of existing app technology. We were pleased to be able to identify that within our sample of tested apps, one third emphasized skills that were consistent with an evidencebased biobehavioral or CBT approach to pain management, despite being developed by lay professionals. Most apps were rated as "technically reliable" and most (78%) were available for under three dollars, making them very affordable for most patients. These findings highlight that there are excellent opportunities for clinicians to integrate apps into clinical care.
Of the 57 apps that were systematically reviewed, this study finds that 19 (33%) were very well suited for integration into pediatric pain management practices. Sixty-six percent of the apps were excluded from the recommended list. A portion of these apps may still have interest or applicability for pediatric patients. A review of the individual rating scores in Table 3 highlights that some apps scored moderately well in all categories and some apps scored very well in several categories, but did poorly in others. This variability means that in some instances providers may find apps in Table 3 that are of interest and value depending on the presenting issue of a patient. However, many apps in Table 3 were rated poorly across categories, demonstrating that they likely offer minimal utility, provide scientifically unsupported content, or were found to be too complex or uninteresting for pediatric populations. Even more concerning was that a portion of the rejected apps were determined to be inconsistent with, or contrary to, best-practice parameters in pediatric psychology. For this reason, providers are cautioned about using apps that have not been tested and reviewed for content and appropriateness. Similar to the caveats clinicians frequently provide for Internet use, providers should warn parents and pediatric patients that many apps are not based in good science and consumers should proceed with caution.
The assessment of the complexity of written content provided somewhat surprising results. Despite widespread recommendations by health care organizations such as the Centers for Disease Control that health care-related written communications, including health care web- sites, be targeted to a 6th grade reading level for the general population (Centers for Disease Control and Prevention, 1999) , the apps tested in this study often included much more complex language. There are several reasons why this may be true. First, most of the apps tested in this review were developed by software developers who may have less experience targeting the language to a general and/or pediatric audience. Second, although our software program was able to identify grade-level equivalents for the short passages we submitted, we were concerned that the brevity of these passages may decrease the overall reliability of the rating. To test this, for apps that included more content, we tested whether or not the submission of longer passages altered the software scores. Indeed, there was some variability, though we could not identify a rating that shifted more than one grade level up or down. Third, several apps designed for children included written content that was directed to parents or therapists, not children or adolescents. Though this explains why the app may include somewhat more complex language, in some instances, even the parent content was written at a high-school level or above, instead of the recommended 6th grade level.
The elevated reading scores for many of these apps highlights a potential flaw for using these apps in pediatrics and suggests that pediatric specialists could play an important role in helping to appropriately calibrate the complexity of health-related information disseminated via apps in the future. There were a significant minority of apps (33%) that were so simplistic in their design and general in their applicability that they functioned with very little or no written content to explain the usage or applicability of the app. Although these apps avoid the pitfall of including complex language, interestingly, none of these apps received a high enough score on our rater-coded categories to be included in our strongly recommended list. The exclusion of these apps is in part related to the primary goal of the review, which was to identify apps that included pain-specific skills and content. As such, apps with little or no content were likely to receive lower ratings. Conversely, we want to highlight that in several instances, even apps with high complexity reading included simple skills and engaging platforms for children and adolescents. As such, a high gradelevel readability score may not necessarily disqualify an app from being useful. Rather, we believe the results of the readability assessment Note. Apps were rated on a 5-point Likert scale where 1 ϭ poor and 5 ϭ excellent. The 'Overall Score' is a mean score based on independent ratings from three to five raters. Apps with an overall score Ն 4.0 are included in the recommended apps list (see Table 2 ).
bring awareness to the need in many circumstances for providers to review the instructions or content of an app with a pediatric patient to ensure comprehension and to clarify potential questions prior to assigning the app for clinical use.
In addition to considering the use of these apps for home-based skills practice and reinforcement, clinicians may also want to consider the integration of these apps into the therapy or consultation session. For example, an officebased iPad can be a useful way to teach or reinforce skills in session. Moreover, if clinicians are meeting alone with a child's parents, a child or adolescent can independently practice newly acquired skills such as diaphragmatic breathing in the waiting room with the use of an office-based iPad or iPod Touch. These apps can also be integrated into inpatient psychology consultation services in a hospital setting. Given the risks of contamination, it is often not possible for clinicians to take biofeedback equipment or other technologies into a patient's hospital room. However, if a parent or child owns an iPhone, iPad, or iPod Touch, he or she can access recommended apps that can facilitate skills acquisition during an inpatient stay.
It should be noted that three of the apps presented in this review (iCouch CBT, eCBTMood, and CBT Tools for Kids) were developed with a feedback feature that allows users to e-mail their thoughts or performance on an exercise to a health care provider. In one app (iCouch CBT) users are told they can submit feedback to a licensed psychologist that is on staff with the app developer. The other two apps allow users to e-mail information to their own mental health provider. These apps raise important jurisdictional issues regarding HIPAA regulations for the transfer of mental health information, practice-based confidentiality guidelines, and potential ethical issues. There are numerous concerns regarding the privacy, appropriateness, and quality of mental health feedback when submitting information to an unknown mental health provider on site at an app developer. Even individual therapists who have a well-established relationship with a patient may encounter ethical and legal issues around expectations for response time to potentially timesensitive mental health information, privacy protection, and limited liability coverage for mental health interactions that occur via apprelated email exchanges. There are currently no established guidelines for app-related real-time communications, meaning that providers must think critically about the use of these communication features before integrating them into practice. As with other nontraditional mental health communications such as telehealth initiatives (Hyler & Gangure, 2004; Paing et al., 2009) , providers are cautioned to be clear with their patients regarding the use of app communication features and to have upfront discussions with minors and their parents regarding the privacy, liability, and ethical limitations of this type of mental health communication.
Although there appear to be numerous opportunities for using these apps as part of a clinical intervention, none of the apps that were reviewed were considered to be comprehensive enough in isolation to be an alternative to psychological services. Several apps stood out for their integration of skills-based practice with accurate and targeted information about topics such as anxiety, pain management, or sleep hygiene. Nevertheless, clinicians should be mindful of not suggesting to patients that these apps may replace empirically supported individual-or group-based treatment programs.
Although the recommended apps contained in this review may offer clinical benefit to a wide range of pediatric illness and pain populations, there are several important limitations to this study. First, this study developed a novel rating scale that was coded by up to five independent raters, two of whom were educated and exposed to pediatric pain management interventions, but were not trained clinicians. Overall, the study yielded moderate to very good agreement between raters. Nevertheless, the subjective nature of these ratings and the nonstandardized rating scale should be considered when interpreting these results. Second, this review did not assess efficacy for any apps. Testing these apps in child and adolescent populations will yield additional useful information about the clinical utility and benefit of integrating app technology into pediatric psychology practice. Additionally, although Apple technology is currently the most widely used platform, a targeted evaluation of apps in other operating systems such as Android, Windows, and Blackberry could provide additional tools that may be used with a wider audience. Another significant caveat is that technology is constantly changing and the availability of any given app is subject to change at any time. This can make the practice of integrating app technology a perpetual challenge. For this reason, this review is considered to be a snapshot of currently available apps, but is not purported to be a comprehensive representation of all available apps that may have relevance for work within a pediatric pain population. Although there are clear challenges inherent in proceeding with the integration of apps into clinical care, given the significant potential for these apps to enhance skills reinforcement, it may be a worthwhile endeavor for clinicians to stay current with app technologies that can engage and promote skill acquisition for our young patients.
